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Description 

POWER AMPLIFIER WITH DISTRIBUTED 

CAPACITOR 

Cross Reference to Related Applications 

[0001] This is a continuation of Application No. 10/064,515, filed 

07/23/2002. The specification and drawings are carried 

forward from said application without amendment. 
Background of Invention 

[0002] i. Field of the Invention 

[0003] jhe present invention relates to a power amplifier inte- 
grated circuit employed in wired or wireless system appli- 
cation, and more specifically, to a power amplifier inte- 
grated circuit having a distributed capacitor. 

[0004] 2. Description of the Prior Art 

[0005] Power amplifier integrated circuits have been widely used 
in different kinds of wired or wireless system applications. 
Power amplifier integrated circuits such as those employ- 
ing heterojunction bipolar transistors operate with ele- 



vated junction temperatures. High junction temperatures 
degrade device reliability and limit maximum current den- 
sity, and thus maximum power, of the power amplifier. 

[0006] when operated at high power, power amplifier integrated 
circuits can suffer thermal runaway where, because of 
emitter current non-uniformity or temperature profile 
non-uniformity, an emitter of the power amplifier inte- 
grated circuit conducts an increasing amount of current 
until catastrophic device failure. Operating at high power 
also reduces the device life and mean time to failure 
(MTTF). Moreover, a larger device is mandated for a given 
application when a power amplifier integrated circuit can- 
not operate at a required power. 

[0007] please refer to Fig.l. Fig.l shows a prior art heterojunc- 
tion bipolar transistor power amplifier 10. Typically, the 
power amplifier 10 includes a plurality of emitter fingers 
and base fingers. Accordingly, the power amplifier 10 is 
an equivalent circuit comprising transistors 12a-12c. The 
power amplifier 10 further includes ballasting resistors 
14a-14c to stabilize the transistors 12a-12c when oper- 
ating with a high current density, and bypass capacitors 
16a-16c in parallel with the ballasting resistors 14a-14c. 
An RF input signal and DC voltage are supplied through a 



common input node 18 and output is taken from the col- 
lector nodes 20. The power amplifier 10 is further de- 
scribed by Khatibzadeh et al. in US 5,321,279, which is 
included herein by reference. While, the ballasting resis- 
tors 14a-14c provide device stability, they also undesir- 
ably reduce the overall gain of the power amplifier 10. 

[0008] pig. 2 shows a second prior art power amplifier as de- 
scribed by Pratt in US 5,629,648, which is included herein 
by reference. Similar to the power amplifier 10, the power 
amplifier 30 comprises transistors 32a-32c and ballasting 
resistors 34a-34c. Bypass capacitors 36a-36c are also 
provided. An RF signal can be applied at a node 38, a DC 
voltage can be applied at a node 39, and a corresponding 
output can be taken from collector nodes 40. However, 
use of capacitors 36a-36c is inefficient and mandates an 
overly complicated layout. 

[0009] Generally, the prior art power amplifier circuits provide 

power amplifier stability at the cost of gain, and do so in 

an inefficient way. Moreover, layout of the prior art power 

amplifier integrated circuits is inefficient. 
Summary of Invention 

[0010] it j S therefore a primary objective of the present invention 
to provide a power amplifier having a distributed capaci- 



tor to solve the problems of the prior art. 

[0011] According to one preferred embodiment of the present 

invention, the power amplifier includes a plurality of tran- 
sistors. Each transistor has a base and a ballast resistor 
having a first terminal and a second terminal. The embod- 
iment further comprises a DC node, an RF node, and a ca- 
pacitor having a third terminal and a fourth terminal. The 
first terminal of each ballast resistor is connected to a 
base of the plurality of bases, and the second terminal of 
each ballast resistor is connected to the DC node. The 
third terminal of the capacitor is connected to the RF node 
and the fourth terminal of the capacitor is connected to 
the plurality of bases of the transistor. 

[0012] According to the preferred embodiment, the transistor is a 
heterojunction bipolar transistor. 

[0013] According to the preferred embodiment, the ballast resis- 
tors are set to maximize uniformity of temperature of a 
plurality of emitters of the transistor. 

[0014] According to the preferred embodiment, the capacitor has 
a substantially high capacitance so that an RF input signal 
applied at the RF node suffers low signal loss. 

[0015] it is an advantage of the present invention that the capac- 
itor provides a distinct path for the RF input signal, such 



that the RF input signal does not suffer significant signal 
loss. 

[0016] it is a further advantage of the present invention that the 
capacitor supplies capacitance that is distributed to each 
base of the plurality of bases. 

[0017] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment that is illustrated in the various fig- 
ures and drawings. 
Brief Description of Drawings 

[0018] pig.l is a circuit diagram of a power amplifier according to 
the prior art. 

[0019] pig. 2 is a circuit diagram of another prior art power am- 
plifier. 

[0020] pig. 3 is a circuit diagram of a power amplifier according to 
the preferred embodiment of the present invention. 

[0021] Fig. 4 is a layout diagram of a power amplifier integrated 

circuit according to the preferred embodiment of the 

present invention. 
Detailed Description 

[0022] please refer to Fig. 3. Fig. 3 shows a power amplifier 50 ac- 



cording to the preferred embodiment of the present in- 
vention. The power amplifier 50 comprises a plurality of 
heterojunction bipolar transistors 52a-52n, and each 
transistors 52a-52n has its own emitter finger and base 
finger. The quantity of three transistors 52a-52n illus- 
trated in this drawing is not limiting, and more or fewer 
are acceptable according to the present invention. The 
power amplifier 50 further includes ballasting resistors 
54a-54n corresponding to each transistor 52a-52n to 
stabilize the power amplifier 50 when operating with a 
high current density or a high power. A capacitor 56 is 
provided to couple an RF signal from an RF node 58 to all 
the bases of the transistors 52a-52n. The capacitance of 
the capacitor 56 is selected to be a relatively high value 
considering the resistances of the resistors 54a-54n and 
the properties of the transistors 52a-52n, and as a result, 
the RF signal suffers substantially low loss. A node 59 is 
provided to supply a DC voltage to the bases of the tran- 
sistors 52a-52n through the ballasting resistors 54a-54n. 
Output of the power amplifier 50 can be taken from col- 
lector nodes 60. 
[0023] when operating, a DC voltage is supplied at the node 59 
and thus to the base of each transistor 52a-52n through 



the individual ballasting resistors 54a-54n. The RF signal 
is provided to the node 58 and is coupled to the base of 
each transistor 52a-52n through the capacitor 56. Losses 
to the RF signal are minimized by the relatively high ca- 
pacitance of the capacitor 56, and by the fact that the 
path of the RF signal does not include the ballasting resis- 
tors 54a-54n. Amplified output of the RF signal is taken 
from the collector nodes 60. 

[0024] Generally, the base ballasting resistors 54a-54n can be 
any suitable source of resistance that can dissipate unde- 
sirable heat. The selection of resistance values of the re- 
sistors 54a-54n is determined with respect to the layout 
of the power amplifier 50 to maximize uniformity of tem- 
perature of emitters of the transistors 52a-52n. The ca- 
pacitance of the capacitor 56 is selected as relatively high 
to minimize loss that the RF signal suffers. 

[0025] it should be noted that the resistors 54a-54n connected 
in parallel might electrically equal one smaller resistor 
connected to the bases of all the transistors 52a-52n. 
However, it is preferable for each transistor52a-52nto 
have one resistor for thermal stability due to different 
base-emitter voltagesof each transistor 52a-52n. Respec- 
tive resistors are suggested in this preferred embodiment. 



[0026] | n practical application, the power amplifier 50 is disposed 
on an integrated circuit. The heterojunction bipolar tran- 
sistor as represented by transistors 52a-52n, the resistors 
54a-54n, and the capacitor 56 are all fabricated according 
to standard integrated circuit fabrication practices. 

[0027] please refer to Fig. 4. Fig. 4 shows a layout diagram of a 
power amplifier integrated circuit 70 according to the 
preferred embodiment of the present invention. The 
power amplifier integrated circuit 70 comprises hetero- 
junction bipolar transistors having bases 72, emitters 74, 
and collectors 76. A DC path 78 comprising ballasting re- 
sistor groups 80 is provided to conduct a DC voltage ap- 
plied at nodes 82 to the bases 72. An RF path 84 is pro- 
vided for conducting an RF signal to be coupled to a ca- 
pacitor 86. The capacitor 86 is made up of two rectangu- 
lar regions of metallization 86a, 86b disposed on different 
layers of the integrated circuit 70. The power amplifier in- 
tegrated circuit 70 illustrates how the power amplifier 50 
can be practically realized in one preferred embodiment. 

[0028] individual resistors of the ballasting resistor groups 80 

can be designed having resistances according to the spe- 
cific design parameters of the power amplifier integrated 
circuit 70. Similarly, the two rectangular regions of metal- 



lization 86a, 86b can be designed to provide the capacitor 
86 with a suitable capacitance given relevant design con- 
siderations. 

[0029] The layout of the power amplifier integrated circuit 70 as 
shown in Fig. 4 provides for efficient manufacture and im- 
proved thermal characteristics. Specifically, the layout al- 
lows the emitters 74 to be bumpedperiodically. such lay- 
out is more conducive to positioning backside vias in a 
manner providing for improved thermal dissipation of ex- 
cess heat resulting from the operation of the power am- 
plifier integrated circuit 70. As a result, the power ampli- 
fier integrated circuit 70 can handle more power/current 
than prior art designs. 

[0030] Operation of the power amplifier integrated circuit 70 is 
effectively the same as the previously described operation 
of the power amplifier 50. 

[0031] | n contrast to the prior art, the present invention power 
amplifier provides a capacitor that is distributed to a plu- 
rality of bases of heterojunction bipolar transistors. The 
capacitance of the capacitor can be set to minimize loss to 
an RF signal. Of equal importance, the layout of the 
present invention power amplifier integrated circuit offers 
improved thermal characteristics. The power amplifier cir- 



cuit according to the present invention is more efficient 
than the prior art, and can reduce cost and fabrication 
time. 

[0032] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



